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METHOD OF MAKING OIL FILLED 
PAUCILAMELLAR LTPTn VESICLES 



Reference to Related ApplieatlonB 

This application is a continuation-in-part 
of United States Patent Application Serial No. 
410,650, filed September 21, 1989, entitled 
"Liposomal Cleaner," which is a continuation-in-part 
of United States Patent Mo. 4,911,928, issued March 
27, 1990, entitled "Paucilamellar Lipid Vesicles." 
This application is also a continuation-in-part of 
United States Patent Application Serial No. 443,516, 
filed November 29, 1989, also entitled "Paucilamellar 
Lipid Vesicles," which is a divisional of the 
aforementioned United States Patent No. 4,911,928. 
The disclosures of all the above applications and 
patents are incorporated herein by reference. 

Backorounfl of the T nvenfeien 

The present invention relates to a method of 
forming paucilamellar lipid vesicles which have 
amorphous central cavities substantially filled with 
a water immiscible material such as an oil. The 
invention is a "cold-loading" technique which allows 
incorporation of volatile and/or heat labile (heat 
degraded) materials which could not otherwise be 
incorporated into the vesicles. 
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UniteA States Patent No. 4,911,928 describes 
a "bot-loading* method of making paucilamellar lipid 
vesicles with water immiscible material substantially 
filling the amorphous central cavities. The lipid 
(and any oil or water immiscible material to be 
incorporated) is heated to an elevated temperature, 
e.g., a liquid or flowable form, so that it can be 
injected into an excess of an aqueous phase. This 
injection of the lipid into the aqueous phase causes 
the formation of small lipid micelles (probably 
spheroidal) which aggregate upon cooling with 
turbulent or shear mixing. The aggregated micelles 
fuse into vesicles with multiple bilayer shells 
surrounding a central, amorphous core. If an oil or 
a water immiscible material is also present, both 
lipid micelles and microemulsion oil droplets are 
formed. The microemulsion oil droplets act as nuclei 
about which the micelles aggregate, forming an 
oil-filled amorphous central cavity of the vesicle 
surrounded by the lipid bilayers. Preferably, a 
small amount of an indifferent surfactant is also 
included to stabilize the oil. The term -indifferent 
surfactant,- as used herein, means a surfactant which 
will not form lipid vesicles but is able to emulsify 
the water immiscible materials to be encapsulated. 
Indifferent surfactants include most polyoxyethylene 
sorbitan ethers (Tweens), sodium dodecyl sulphate, 
and Ci2 - Cig fatty acids and their salts such as 
sodium oleate. If an indifferent surfactant is not 
used, a portion of the wall-forming lipid is 
cannibalized to stabilize the oil. 
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Although the •hot-loading" method is 
effective for a large number of water immiscible 
materials « the method is not useful for a variety of 
important water immiscible materials which are too 
volatile or heat labile at the vesicle forming 
temperatures. If the •hot-loading- methods are tried 
for these thermolabile materials, the majority of the 
water immiscible material is volatilised, leaving 
only a small portion to be incorporated into the 
vesicle. These volatile materials include 
insecticides such as diethyltoluaraide (DEBT), certain 
perfumes and fragrances, flavor oils, as well as many 
other materials such as mineral spirits. Since some 
fragrances are mixtures, release of one part of the 
mixture can change the overall properties 
dramatically. Further, even certain non-volatiles 
are more easily introduced into the amorphous central 
cavities of vesicles using the present "cold-loading" 
technique than the "hot-loading" technique. For 
example, the cleaning agent d-limonene can be 
incorporated into vesicles at a relatively low 
concentration using "hot-loading" but a much higher 
concentration can be achieved using the 
-cold-loading" technique. 

Accordingly, an object of the invention is 
to provide a method of "cold-loading" the amorphous 
central cavities of paucilamellar lipid vesicles with 
water immiscible materials. 

Another objection of the invention is to 
provide a means of incorporating volatiles into 
paucilamellar lipid vesicles. 
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A further object o£ the invention is to 
provide a generalized means of loading lipid vesicles 
with oily or water immiscible material which can be 
used with phospholipid, ionic, and nonionic lipid 
materials. 

Further objects and features of the 
invention will be apparent from the description and 
the Drawing. 

Summary of the Tnvf^T^f^op 

The present invention features a method of 
"cold-loading" the amorphous central cavities of 
paucilamellar lipid vesicles with water immiscible 
materials. The method is particularly important for 
volatile materials which cannot be loaded in 
significant quantities into the central cavities of 
paucilamellar lipid vesicles using a "hot-loading" 
technique. 

The method of the invention commences with 
the formation of paucilamellar lipid vesicles having 
substantially aqueous-filled amorphous central 
cavities. The vesicles may be made by any classic 
technique but the methods and materials disclosed in 
United States Patent No. 4,911,928 are preferred. 
Briefly, these methods require the injection of a 
flowable lipid, with or without a small portion of 
oil, into an excess of an aqueous phase using shear 
mixing techniques. The term "shear mixing," as 
defined in the aforementioned United States Patent 
No. 4,911,928, means that the flow of the phases is 
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equivalent to a relative flow of about 5--50 n/s 
through a 1 mm orifice. The resulting vesicles have 
the amorphous central cavity filled with an aqueous 
solution, possibly with some oil included. 

After formation of the substantially 
aqueous-filled paucilamellar lipid vesicles, they are 
mixed with the water immiscible material, e.g., an 
oil, most preferably a volatile oil, to be 
incorporated into the amorphous central cavity under 
intermediate mixing conditions. The term 
"intermediate mixing conditions" means mixing of the 
preformed vesicles and the water immiscible material 
at or near room temperature under gentle conditions 
such as vortexing or syringing. Although flow 
conditions which yield a shear similar to that used 
to form the paucilamellar lipid vesicles initially 
could be used, it is unnecessary and may, in fact, be 
counterproductive . 

Following this procedure, the amorphous 
central cavity of the lipid vesicles is filled with 
the water immiscible material, displacing the aqueous 
solution. The water immiscible material may act as a 
carrier for materials which are soluble or dispersed 
in it. The paucilamellar lipid vesicles are then 
separated from any excess oil, e.g., by 
centrifugation. Preferably, an indifferent 
surfactant is used in the process to stabilize the 
water immiscible material. The indifferent 
surfactant is normally aqueous soluble and carried in 
an external aqueous phase but a water insoluble 
indifferent surfactant can be incorporated in the 
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amorphous center or walls of the pauci lamellar lipid 
vesicles before the intermediate mixing. Preferred 
Indifferent surfactants are selected from the group 
consisting of sodium dodecyl sulphate, C12 - Cis 
fatty acids, Tweens (polyozyethylene sorbitan 
ethers), and their salts, and mixtures thereof. 

Although the preferred pauci lamellar lipid 
vesicles of the invention have non-ionic materials 
such as polyoxyethylene fatty acid ethers, 
polyoxyethylene glycerol monostearate, polyoxyethylene 
steryl alcohols, and diethanolamides as the wall or 
bi layer forming lipid, other materials such as 
phospholipids, betaines, and other ionic or 
zwitterion materials may be used. The invention is 
particularly preferable for encapsulation of 
volatiles or heat labile materials which are not 
stable liquids at temperatures where the wall forming 
lipid is a liquid. 

Further aspects and features of the 
invention will apparent from the following 
description. 

Brief Description of the Dr««4n;r« 

Figures la and lb are illustrations of 
micelle formation upon injection of a lipid phase 
into an excess of aqueous phase such as is used in 
the "hot-loading" technique; 

Figures 2a and 2b are illustrations of 
micelle and microemulsion formation upon injection of 
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8 lipid and water inuniscible material phase into an 
excess of aqueous phase such as is used in the 
"hot-loading" technique; and 

Figure 3 is a schematic of the endocytosis 
mechanism suggested for the "cold-loading" technique 
of the present invention. 

Description af »h« l«v«>«frjftn 

The "cold-loading" method of the present 
invention is preferable to the "hot-loading" method 
where the material to be loaded into the amorphous 
central cavity of the vesicles is a volatile or heat 
labile water immiscible material. Further, even 
though the material to be incorporated in the central 
cavity may not be volatile, a higher concentration of 
the water immiscible material may be loaded using the 
methods of the present invention. 

Figures la and lb illustrate the critical 
step in the "hot-loading" technique without oil 
present, the formation of micelle structures by 
injection of the lipid phase into an excess of an 
aqueous solution. As noted previously, the micelles 
aggregate to form the bilayers of the paucilamellar 
lipid vesicle. 

Figures 2a and 2b show the same mechanism 
with a water immiscible material added to the lipid. 
Both micelles and microemulsion oil droplets form. 
These microemulsion droplets are the nuclei about 
which the bilayers of the lipid vesicle form. Since 
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these microemulsion oil droplets are necessary in 
this "hot-loading" technique, clearly a volatile 
material which will not form these microemulsions 
droplets are not appropriate for the "hot-loading" 
technique. 

Figure 3 illustrates the most likely 
mechanism of the "cold-loading" technique of the 
present invention. Once the substantially 
aqueous-filled paucilamellar lipid vesicles are 
formed, e.g., using the technique shown in Figure 1, 
they are combined with the cargo material, e.g., the 
water immiscible material, preferably in the presence 
of a low concentration (approximately 1.5%) of an 
indifferent surfactant such as sodium dodecyl 
sulphate. Droplets of the water immiscible material 
(stabilized by the indifferent surfactant) enter the 
vesicles, presumably by a process resembling 
endocytosis. 

Although the "cold-loading" technique is 
most preferred for volatile or thermolabile materials 
such as fragrance oils, flavor oils, and certain 
lipids or drugs, it is also particularly good for 
water immiscible materials which interfere with 
micelle formation and/or fusion. This latter group 
of materials includes diethyl to luamide, d-limonene, 
and certain water immiscible solvents such as 
petroleum distillates and aromatic solvents such as 
xylene. These materials, which cannot be 
encapsulated in lipid vesicles in any large quantity 
using the "hot-loading" techniques, can be 
incorporated in the amorphous central cavity of the 
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paueilamellar lipid vesicles using the "cold-loaaing" 
technique of the present invention. 

The following Examples will more clearly 
elucidate the present invention. 

Examplft 1. 

In this Example, aqueous-filled vesicles 
were made using the methods described in United 
States Patent Ho. 4,911,928 from polyoxy ethylene <9) 
glycerol monostearate, cholesterol, and a 1.5% 
solution of Tween 40 (polyoxyethylene 20 sorbitan 
monopalmitate). Briefly, the patent describes a 
technique whereby all of the lipid soluble materials 
(including any water immiscible materials if used), 
are blended together at elevated temperature until 
flowability. Normally, this requires a temperature 
of 60-80»C. but in some cases as high as 90»C. The 
aqueous phase, which includes all the water soluble 
materials (including the indifferent surfactant, here 
the Tween), is also heated. The lipid phase in then 
injected into an excess of the aqueous phase through 
a moderate shear device and the mixture is sheared 
until vesicles form. While a device such as the 
mixing machine shown in United States Patent No. 
4,895,452, the disclosure of which is incorporated 
herein by reference, may be used, a pair of syringes 
connected by a three-way stopcock can provide shear 
sufficient for formation of the vesicles. The shear 
required is a relative flow of about 5-50 m/s through 
a 1 mm orifice. Further details of this process are 
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described in United States Patent Ho. 4,911,928. 
Table 1 lists the formula used to make the vesicles. 

TABLE 1 

POE (9) glycerol monostearate 20.3 g 
Cholesterol 3«5 g 

Tween 40 (1.5% solution in water) 75 ml 

The preformed vesicles were then mixed with 
an excess of a water immiscible material by placing 
the vesicles in one syringe, an excess of the water 
immiscible material which was to act as the cargo in 
a second syringe, and the syringes are joined through 
a three-way stopcock. The solutions were mixed from 
one syringe to the other for approximately 40-50 
strokes at ambient temperature. The resulting 
solution was then eentrifuged at 3500 RPM for 30 
minutes to separate the unencapsulated water 
immiscible material from the lipid vesicles. Table 2 
lists the water immiscible material uptake for a 
variety of different water immiscible materials. All 
values are in ml of water immiscible material/ml 
vesicle. 



Mineral Oil 
Butyl Cellossolve 
Mineral Spirits 
Isodecyl Benzoate 
Tricresyl Phosphate 



TABLE 2 



1.0 ml/ml 
0.11 ml/ml 
0.18 ml/ml 
1.0 ml/ml 
1.0 ml/ml 
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As can be seen, a large number of different 
materials can be incorporated at high concentration 
using this "cold-loading" procedure. 

Example 2, 



material, polyoxyethylene 2 stearyl alcohol, and a 
different indifferent surfactant, sodium dodecyl 
sulphate (SDS), were used to form the vesicles. The 
amounts used to preform the vesicles are shown in 
Table 3. 



The vesicles were formed in the same manner 
as described in connection with Example 1. The 
vesicles were then mixed with an excess of mineral 
oil (Drakeol #19) using the same syringe procedure as 
previously described and the oil-filled vesicles were 
separated by centrifugation. The uptake of mineral 
oil into the vesicles was greater than 0.7 ml oil/ml 
vesicle. 



In this Example, a different wall forming 



POE (2) Stearyl Alcohol 

Cholesterol 

1.5% SDS in Water 



5.9 g 
2.1 g 
41.5 ml 



In this Example, a phospholipid, lecithin, 
was used to form the vesicles. The lecithin was 
dissolved in soybean oil, heated until a clear 
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solution was formed, and then mixed with an excess of 
water, using the procedure described in Example 1, to 
form paucilamellar lipid vesicles. Table 4 shows the 
amounts of the different components used to form the 
vesicles. The vesicles Included some oil in the 
aqueous center. 



Lecithin (98%, Emulpur H-Pl 

Lucas Meyer, Inc.) 6.4 g 

Soybean Oil „j 

•''^^^ 26.0 ml 

The preformed phospholipid paucilamellar 
lipid vesicles were then mixed with an excess of 
additional soybean oil using the syringe technique 
previously described and centrifuged at 3500 RPM for 
30 minutes. The uptake of the soybean oil in the 
second processing step was approximately 1 ml oil/ml 
vesicle. The same procedure has also been used with 
a 33% solution of cholesterol oleate in soybean oil 
being incorporated into the vesicles. The uptake was 
at least 0.67 ml/ml vesicle. 

Examnlft a. 

In this Example, additional oil was 
incorporated into the amorphous center of nonionic 
lipid vesicles which already had a small amount of 
oil therein. The procedures used were the same as 
those described in connection with Example 1 except 
mineral oil was incorporated into the heated lipid 
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solution used to form the initial vesicles. Table 5 
gives the ingredients used to preform the vesicles. 

TABLE !y 

POE (9) Glycerol MOnos tears te 
Cholesterol 

Mineral Oil (Drakeol #19} 
1.5% SOS in Water 

After the vesicles were formed, they were 
mixed using the syringe method with additional 
mineral oil and centrifuged at 3500 RPM for 15 
minutes to separate the vesicles from the oil. 
Uptake of additional mineral oil was approximately 
0.7 ml mineral oil/ml vesicle. 

In this Example, the uptake of DEET 
(diethyltoluamide) into negatively charged vessels 
was tested. DEET interferes with vesicle forming 
using a "hot-loading" technique, so insufficient 
amounts of DEET can be incorporated into vesicles 
using the "hot-loading" procedure. Negatively 
charged vesicles were formed using the same 
procedures as described in Example 1, using the 
materials shown in Table 6. 



20.3 g 
3.5 g 
25.0 ml 
75.0 ml 



4 
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POE (9) Glycerol Monostearate 11.2 g 

Cholesterol X.9 g 

Oleic Acid 0.2 g 

Tween 40 0.9 ml 

Water 42.0 ml 



The preformed negatively charged vesicles 
were then mixed with an excess of DEET and 
centrifuged at 3500 RPH for 30 minutes. Uptake of 
DEET into the vesicles was approximately 0.4 ml 
DEET/ml vesicle. 



Similar results have been obtained with a 
variety of flavor oils, fragrances, and the hand 
cleaner d-limonene. In addition, the 40-50 strokes 
of the syringe, mixing the vesicles and the water 
immiscible material, has been replaced by merely 
placing all the materials in a tube and blending with 
a vortex mixer, stirrer, or homogenizer thereby 
encapsulating the water immiscible material. 

Those skilled in the art may appreciate 
other methods which are within the scope of the 
present invention. Such other methods are included 
within the following claims. 



What is claimed is: 
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1. A method of forming a paucilamellar lipid 

vesicle having a substantially oil-filled amorphous 
central cavity comprising the steps of: 

preforming a paucilamellar lipid vesicle 
having an aqueous material in the amorphous central 
cavity; 

nixing said preformed paucilamellar lipid 
vesicle with a water immiscible material to be 
incorporated into said central cavity under 
intermediate mixing conditions; and 

separating said paucilamellar lipid vesicle 
from any of said water iimniscible material not 
incorporated into said central cavity, 

whereby said amorphous central cavity of 
said paucilamellar lipid vesicle is substantially 
filled with said water immiscible material. 

2. The method of claim 1 wherein an indifferent 
surfactant is provided in addition to the lipid used 
.to form said vesicle. 

3. The method of claim 2 wherein said 
indifferent surfactant is water-soluble. 

4. The method of claim 2 wherein said 
indifferent surfactant is not water soluble. 

5. The method of claim 3 wherein said 
water-soluble indifferent surfactant is selected from 
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a group consisting o£ polyoxyethylene sorbitan 
ethers, sodium dodecyl sulphate, C12 - Cje fatty 
acids, and salts and mixtures thereof. 

6. The method of claim 1 wherein said water 
immiscible material to be incorporated in said 
amorphous central cavity is volatile or heat labile 
at the temperatures used to preform said 
paucilamellar lipid vesicle. 

7. The method of claim 6 wherein said water 
immiscible material is selected from a group 
consisting of diethyltoluamide, flavor oils, 
fragrance oils, d-limonene, water immiscible 
solvents, and mixtures thereof. 

8. The method of claim 1 wherein said 
paucilamellar lipid vesicles have a non-ionic lipid 
as the primary bi layer-forming material. 

9. The method of claim 1 wherein said 
paucilamellar lipid vesicles have a phospholipid as 
the primary bilayer-forming material. 

10. The method of claim l wherein said preformed 

paucilamellar lipid vesicle contains oil in addition 
to said aqueous material in said amorphous central 
cavity. 
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